These differences in attentional demands of performance readily lead to predictions concerning how situations that alter the deployment of cognitive resources-either by drawing attention toward execution or by taking attention away-will affect performance across skill levels.
Theories of skill acquisition and automaticity suggest that novice performance is supported by unintegrated task control structures held in working memory and attended in step-by-step fashion. Expert performance is thought to occur more automatically, largely controlled by procedures that run outside of working memory during execution (Anderson, 1993; Beilock & Carr, 2001; Fitts & Posner, 1967; Keele & Summers, 1976) . These differences in attentional demands of performance readily lead to predictions concerning how situations that alter the deployment of cognitive resources-either by drawing attention toward execution or by taking attention away-will affect performance across skill levels.
In two experiments, we manipulated deployment of attentional resources during on-line golf putting in an attempt to shed light on differences in control structures governing novice and expert sensorimotor skill execution. In Experiment 1, novice and expert golfers performed putts under skill-focused conditions intended to direct attention toward a component process of performance and also under dual-task conditions designed to draw attention away from execution via secondary task demands. If novices dedicate attention to controlling real-time execution, performance should be worse under dual-task than under skill-focused conditions, since nontask-related stimuli in the dual-task condition should occupy resources needed for primary skill execution (Nissen & Bullemer, 1987) . Once a skill becomes well learned, however, attention should not be needed for step-by-step execution. Experts, then, may not be negatively affected by secondary task constraints (Allport, Antonis, & Reynolds, 1972 ). Yet attention prompted toward a component process of well-learned performance may disrupt automated processes that normally run as uninterrupted routines.
In Experiment 1, we found differences in the effect of attention as a function of skill level. Novice putting was more accurate under skill-focused than under dual-task attention conditions, but experts showed the opposite pattern. In Experiment 2, we pursued an implication of this conclusion-that any environment whose characteristics work to alter the attentional resources available for on-line execution may have different effects on performance as
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a function of expertise. For example, because attention takes time to deploy (Posner & Snyder, 1975; Shiffrin & Schneider, 1977) , time constraints on performance may harm the execution of poorly learned skills by reducing the ability of novices to monitor and adjust task parameters, in relation to performance environments where time constraints are not an issue. However, the same temporal demands may help well-practiced execution if they limit attention to task control and guidance. The notion that well-learned skills benefit from limited performance time flies in the face of the well-established speed -accuracy tradeoff (Fitts, 1954; Woodworth, 1899) . Many studies have shown that the more rapidly a skill is performed, the less accurate it becomes. However, although this principle has been repeatedly demonstrated across both cognitive and motor skill domains (see, e.g., MacKay, 1982) , it was discovered, and has most often been studied, in individuals possessing little previous exposure to the tasks they were performing. If control structures that govern performance differ as a function of skill level, it is possible that the speed -accuracy tradeoff does not generalize to well-learned skills. For this reason, in Experiment 2 we followed up the manipulation of direction of attention in Experiment 1 with an examination of the impact of time constraints on novice and expert putting performance.
EXPERIMENT 1
Recently, Beilock, Carr, MacMahon, and Starkes (2002) examined expert golfers' putting performance under a skill-focused condition that drew attention toward a component process of performance (i.e., monitoring the club swing and the cessation of the follow through) and under a dual-task condition in which individuals putted while simultaneously performing a secondary, auditory tone-monitoring task. In agreement with the framework described above, experienced golfers' putting performance was more accurate in the dual-task than in the skillfocused condition.
Experiment 1 replicated Beilock et al.'s (2002) findings with experienced golfers while extending the paradigm to novices. If, as theories of skill acquisition and automaticity predict, the control structures governing performance differ as a function of skill, then the impact of dual-task and skill-focused attention should have essentially opposite effects on novice and expert performance. Experts should be adversely affected by conditions that draw attention to proceduralized performance processes, in comparison with conditions that serve to limit such attentional control. Yet novices, who require declarative knowledge structures to be held in working memory and attended during performance, should benefit from performancedirected attention, as compared with situations that limit it. Because golf putting requires the assembly of many semi-independent processes, it may be a good skill in which to explore possible skill-level differences in the impact of manipulations that alter on-line attentional resources. Table 1 lists the component processes involved in a typical putt.
Method

Participants
The participants were undergraduate students. The novices (n ϭ 18) had no previous golf experience. The experts (n ϭ 18) had at least 2 years of high school varsity golf experience or a PGA handicap Ͻ8. 
Procedure
The putting task was performed on a carpeted indoor green (3 ϫ 3.7 m) with a standard putter and ball. The individuals putted a golf ball as accurately as possible to a target, marked by a square of red tape, on which the ball was supposed to stop. The individuals putted from nine different spots, with three spots at three distances (120, 140, and 150 cm) from the target. All the participants followed the same random alternation of putting from the nine locations. A light next to each spot was illuminated prior to each putt to indicate the next putt's starting location.
The individuals performed 35 initial putts to familiarize them with our altered putting task, which required individuals to land the ball on a target rather than in a hole. The participants then took 20 practice putts in a single-task environment, 20 putts in a dual-task attention condition, and 20 putts in a skill-focused attention condition. The order of the two attention conditions was counterbalanced across participants.
Skill-focused condition. The individuals were instructed to monitor their swing and attempt to keep their club head straight as it traveled toward the target during their swing and follow-through. The participants were informed that in order to ensure that they were attending to the motion of the swing during the putt, they should say the word straight out loud at ball contact. This component of the swing was chosen as the basis for the skill-focused manipulation because a straight club head is thought to be an important component of a successful putt (Jones, Davis, Crenshaw, Behar, & Davis, 1998) .
Dual-task condition. The individuals putted while simultaneously listening to a series of tape recorded tones. The participants were instructed to monitor the tones, and each time they heard a specified target tone, they were to say the word tone out loud. The 500-msec target tone was played three times prior to the dual-task condition to familiarize the participants with this tone. The tones occurred randomly, once within every 2-sec interval. The target tone occurred randomly, averaging once every four tones. The random placement of the tones within the 2-sec intervals and the random embedding of the target tone within the filler tones was designed to prevent anticipation of secondary task tone presentation.
Results
Putting accuracy was measured by the distance (in centimeters) between the center of the target and the ball stopped after each putt. The mean distance from the target of the 20 putts in the skill-focused and dual-task conditions was used as the measure of that condition's putting performance.
A 2 (expert, novice) ϫ 2 (skill focused, dual task) analysis of variance (ANOVA) on putting accuracy revealed a main effect of expertise [F(1,34) The experienced golfers were more accurate putters than were novices across the skill-focused and dual-task conditions (Figure 1) . Furthermore, whereas the novices performed worse in the dual-task condition than in the skill-focused condition [t(17) ϭ 3.20, p Ͻ .01], the experts' performance improved [t(17) ϭ 7.65, p Ͻ .01].
Our main goal was to examine differences in performance across skill-focused and dual-task conditions as a function of expertise. However, comparisons of singletask practice performance with the attention conditions were also conducted. Novice dual-task putting was less accurate than was single-task practice [M ϭ 21.31 cm, SD ϭ 5.55 cm; t(17) ϭ 2.12, p Ͻ .05], whereas putting in the skill-focused condition was more accurate than it was in single-task practice [t(17) ϭ 0.46, n.s.], although not significantly. The experts showed the opposite pattern: Putting in the skill-focused condition was less accurate than it was in single-task practice [M ϭ 12.10 cm, SD ϭ 1.62 cm; t(17) ϭ 6.13, p Ͻ .01], whereas performance in the dual-task condition was slightly more accurate than it was in single-task practice [t(17) ϭ 0.98, n.s.].
Secondary Task Performance
Skill-focused condition. There were no instances in which individuals failed to say straight at ball contact across both groups of participants.
Dual-task condition. Failure to identify target tones occurred infrequently for both novices (M ϭ .33, SD ϭ .84) and experts (M ϭ .06, SD ϭ .24) across all 20 putts in the dual-task condition. An analysis of errors across the dual-task condition was not interpretable because of error infrequency.
Discussion
The skill-focused and dual-task conditions had opposite effects on novice and experienced golf putting. Novice performance is thought to be based on declarative knowledge explicitly monitored on line. Thus, skillfocused attention drawn toward performance aids execution, in comparison with dual-task conditions that take such attention away. In contrast, expert performance is believed to be controlled by procedures operating largely unattended during real-time execution (Anderson, 1993; Fitts & Posner, 1967; Keele & Summers, 1976) . Consequently, skill-focused attention disrupts performance, whereas dual-task conditions do not. The present results replicate Beilock et al.'s (2002) findings with experienced golfers. Furthermore, Experiment 1 extends this work to novices by highlighting differences in the impact of skillfocused and dual-task manipulations across skill levels.
EXPERIMENT 2
In Experiment 2, we further explored the attentional mechanisms driving sensorimotor skill execution through the examination of the impact of time constraints on novice and expert putting performance. It has been demonstrated across many different domains that controlled attentional processes take time to execute (Posner & Snyder, 1975; Shiffrin & Schneider, 1977) . From a skill acquisition and automaticity framework, temporal demands may interfere with novice performance that is explicitly monitored in real time, especially if these demands prevent novices from attending to and adjusting performance parameters. However, time constraints may help skilled execution if they prevent performers from paying too much attention to task control and guidance-attention shown in Experiment 1 to be detrimental to expert performance.
Method Participants
The participants were novice (n ϭ 20) and experienced (n ϭ 20) golfers, selected by utilizing the same skill-level criteria as those employed in Experiment 1.
Procedure
The participants performed a golf putting task similar to that in Experiment 1, with the exception that the individuals were instructed to putt to illuminated circular targets, created by a light projection from an LCD projector hung from the ceiling, rather than toward a target tape.
The participants first took 20 initial putts to a target, 5 cm in diameter, located 137 cm away. The order of the remaining putting blocks was counterbalanced across participants. The individuals took six blocks of 20 putts under accuracy instructions and six blocks of 20 putts under speed instructions (240 putts, total). As in Experiment 1, our main comparison of interest concerned differences in novice and expert putting performances across the instruction conditions. A single-task condition was not utilized in Experiment 2 because (1) it was not crucial to our main comparison and (2) single-task instructions that normally emphasize accuracy would have been similar to and hence redundant with the already included accuracy condition of Experiment 2.
The six blocks of putts under each instruction condition consisted of putts to targets of two different distances and three different sizes in a 2 (distance: 116 or 158 cm) ϫ 3 (diameter: 9.14, 12.45, or 13.97 cm) design. The target distances were chosen as representative of short putts taken in real-world golf. The target sizes were 15% smaller, 15% larger, and 30% larger, respectively, than a regulation PGA hole (10.80 cm in diameter), which were chosen to create variability in performance demands along a dimension that might affect the perceived difficulty of the task and might also increase the salience of the speed versus accuracy instructions.
Prior to the first putt of each block and again every fifth putt within a block, the participants were reminded of the instructions for that particular block. In the accuracy condition, the participants were instructed to try to land the ball on the target, taking as much time as they needed. In the speed condition, the participants were instructed to land the ball on the target. However, they were also instructed to execute their putts as quickly as possible, and they were informed that they had a maximum of 3 sec to complete each putt (from the time the experimenter said "go" until the putter contacted the ball). The experimenter said "go" as soon as the participants took their putting stance, in order to prevent the individuals in the speed condition from preparing to take the putt before timing began.
All putts were timed on a stopwatch to the nearest 10th of a second. The timing of putts under accuracy instructions was initiated when the participants took their putting stance and stopped when the putter contacted the ball. The timing of putts under speed instructions was initiated when the experimenter said the start cue "go" (triggered by the participants' assuming their putting stance) and stopped when the putter contacted the ball. Following putting, the participants filled out a questionnaire designed to assess their perceptions of the impact of the speed and accuracy instructions on performance.
Results
Accuracy was measured by the distance (in centimeters) between the center of the target and where the ball stopped after each putt. This continuous measure was designed to provide maximum sensitivity in examining the effects of the target size, distance, and instructions on performance. A separate measure of target hits (defined as the ball's stopping anywhere on the target) was also recorded. This dichotomous measure was consistent with the instructions actually given to the participants. Both measures are relevant to real-world golf, in which the goal is to putt the ball anywhere in the hole (hits), but if one misses, to leave the ball as close to the hole as possible (accuracy).
Target Size and Distance
We began by assessing differences in putting performance and sensitivity to target distance and size as a function of expertise. A 2 (expert, novice) ϫ 2 (target distance: 116 or 158 cm) ϫ 3 (target size: 9.14, 12.45, or 13.97 cm) ANOVA on putting accuracy revealed a main effect of expertise [F(1,38) The experts were more accurate putters than were the novices across all target sizes and distances (see Table 2 ). The novices' putting accuracy improved from the smallest (9.14 cm) to the largest (13.97 cm) target [t(19) ϭ 2.91, p Ͻ .01], whereas the experts' putting accuracy did not differ as a function of target size [t(19) ϭ 1.40, n.s.]. In terms of target distance, both the experts and the novices putted more accurately to the closer target [t(19) ϭ 14.00, p Ͻ .01, and t(19) ϭ 14.28, p Ͻ .01, respectively]. However, as with the impact of target size on putting accuracy, target distance affected the novices' putting accuracy more so than it did the experts' accuracy. This pat-tern of smaller effects of size and distance on the experts' performance is not surprising, considering that expert golfers must often adapt to performing in diverse environmental conditions (e.g., the angle of the hole or the lie of the green) to ensure optimal skill execution in realworld situations.
A similar ANOVA on target hits revealed main effects of expertise [F(1,38) Regardless of target size or distance, the experts had more target hits than did the novices, and for both skill levels, target hits increased as target size increased and target distance decreased. As can be seen in Table 2 , putting accuracy and target hits followed a similar pattern, with the exception that the less sensitive dichotomous measure of target hits revealed main effects of target size and distance, rather than interactions with expertise, as was obtained in the putting accuracy analyses. Thus, we succeeded in creating a situation in which putting performance varied with situational constraints and golf expertise. We now turn to our main hypothesis concerning the impact of temporal demands on novice and expert performance.
Speed Versus Accuracy Instructions
Putting performance. Much as in Experiment 1, a 2 (expert, novice) ϫ 2 (accuracy instruction, speed instruction) ANOVA on putting accuracy revealed a main effect of expertise [F(1,38) Figure 2] . Thus, speed versus accuracy instructions exerted opposite influences on the novices' and the experts' performance, as measured by both putting accuracy and target hits. Although the novices performed better under accuracy than under speed instructions, the experts performed better under speed than under accuracy instructions.
Putting time. Putting time was analyzed to ensure that the individuals performed faster when speed was stressed. In the speed condition, three individual putts (two expert, one novice putt; 0.06% of all speed putts) took over the 3-sec maximum. As in the accuracy and hits analyses, these putts were retained in the present analysis to obtain the most accurate picture of the relationships among instructions, putting performance, and putting time. Excluding these putts would not have altered the results.
A 2 (expert, novice) ϫ 2 (accuracy instruction, speed instruction) ANOVA on putting time revealed a main effect of instruction [F(1,38) ϭ 329.01, MS e ϭ 0.133, p Ͻ .01], a main effect of expertise [F(1,38) ϭ 4.59, MS e ϭ 0.44, p Ͻ .05], and no expertise ϫ instruction interaction (F Ͻ 1). The novices and the experts alike took longer to putt under accuracy instructions (novices, M ϭ 2.50 sec, SD ϭ .80 sec; experts, M ϭ 2.87 sec, SD ϭ .53 sec) than under speed instructions (novices, M ϭ 1.07 sec, SD ϭ .32 sec; experts, M ϭ 1.34 sec, SD ϭ .36 sec). In addition, however, the experts took longer than did the novices to putt, regardless of instructions. The experts' longer performance time is consistent with work in domains such as physics problem solving, which demonstrates that experts often spend more time assessing and analyzing problems than do novices (Chi, Feltovitch, & Glaser, 1981) . However, because the experts took longer to putt across conditions, it is possible that putting time, rather than expertise or instruction, led to the differential impact of instructions on expert and novice putting performance, reported above.
To examine this notion, we conducted a 2 (expert, novice) ϫ 2 (accuracy instruction, speed instruction) ANOVA on each putt's accuracy divided by the time taken to perform that putt. This analysis of accuracy per unit time produced the same results as those above, which suggests that instructions altered the efficiency or effectiveness with which time was used, and not simply total time per se. Furthermore, correlations between each participant's putting time and accuracy revealed a negative mean correlation among novices (M ϭ Ϫ.07, SD ϭ .12) but a positive mean correlation among experts (M ϭ .10, SD ϭ .10). These mean correlations, though small, were significantly different from each other [t(38) ϭ 4.74, p Ͻ .01] and from 0 [t(19) ϭ 2.48, p Ͻ .03, and t(19) ϭ 4.43, p Ͻ .01, respectively]. Putting accuracy in the present study was an error score. Thus, the longer the novices took to putt, the better they performed. Conversely, the longer the experts took to putt, the worse they performed. This is consistent with the accuracy per unit time and the putting performance analyses, reported above.
Questionnaire. The participants reported on a 7-point scale how they felt the accuracy and speed instructions affected performance. The scales ranged from 1 (negatively affected performance) to 7 (positively affected performance), with 4 (didn't affect performance) as the midpoint. A 2 (expert, novice) ϫ 2 (accuracy question, speed question) ANOVA revealed a marginally significant expertise ϫ question interaction [F(1,38) ϭ 3.04, MS e ϭ 21.8, p Ͻ .09]. The novices reported speed instructions (M ϭ 3.10, SD ϭ 1.37) as having a significantly more negative impact on performance than accuracy instructions did [M ϭ 4.00, SD ϭ 1.20; t(19) ϭ 2.27, p Ͻ .04]. In contrast, the experts reported speed instructions (M ϭ 3.95, SD ϭ 1.43) as having a slightly less negative impact on performance than accuracy instructions did [M ϭ 3.70, SD ϭ 1.56; t(19) ϭ 0.47], although this difference was not significant.
Thus, the participants' rated perceptions of the instructions tended to follow their objectively measured impact: The novices perceived the speed constraints as detrimental to performance in comparison with accuracy instructions, whereas the experts showed a trend toward the opposite perception. Participant comments on the questionnaire reinforce this finding. One novice stated that the speed instructions "made me rush and not think enough about the task," whereas one expert reported that the speed instructions aided performance because they "didn't let me go into the depth of the actual putt." Another expert stated, "The faster I did, the better I did." Discussion Novices perform worse under instructions to putt as quickly as possible relative to instructions that do not limit execution time. The opposite is true for experts. Expert performance, at least in the type of sensorimotor task we have studied, is enhanced by speed constraints, in comparison with performance when time pressure is not an issue. Novices need time to attend to and control performance. The proceduralized performances of experts do not require, and appear to be adversely affected by, unlimited execution time-perhaps because that time affords them the counterproductive opportunity to explicitly attend to and monitor automated execution processes (Beilock et al., 2002) .
In this study, total time to perform a putt (including both preparation and movement time) was used as the time parameter of interest. Although early speed -accuracy tradeoff work (e.g., Fitts, 1954; Woodworth, 1899) addressed only movement time, this phenomenon has since been expanded to skills with both preparation and movement time components (e.g., forced-choice discriminations, spatial judgments, and spoken sentence reproduction; see MacKay, 1982) . Whether speed instructions in the present study impacted putting preparation time, movement time, or both is an issue for future research.
GENERAL DISCUSSION
In two experiments, we examined the on-line attentional demands of novice and expert sensorimotor skill execution. The results demonstrated that whereas novice performance benefits from enhanced attention to execution in comparison with conditions that take such attention away, expert skill execution excels in situations that limit, rather than encourage, attention to execution. These findings highlight differences in the attentional control structures governing performance across skill levels and complement a growing body of literature that suggests that well-learned performances may falter under conditions that provide the opportunity for the reinstantiation of explicit skill-monitoring and control mechanisms that are needed by novices but should be exercised with caution by experts. The detrimental effects of enhanced attention to skilled performance can be seen not only in complex skills such as golf putting, but in more basic skills we take for granted. For example, Wulf and colleagues (Wulf & Prinz, 2001 ) have suggested that directing performers' attention to their movements through internal focus feedback on a dynamic balance task interferes with the automated control processes that normally regulate balance movements outside of conscious scrutiny. Thus, for real-time execution by experts, there may be truth in the Nike motto "Just do it."
